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Recently it has been found that introduction of a high refractive

index liquid in place of air between the photomask and the receiving
surface enables the production of higher resolution images with a given
photolithographic light source because of the shorter effective wavelength
of light in high refractive index materials; see, for example, Switkes et. al.,
Proceedings of SPIE, Volume 5040, 699(2003). Water is known for use
as a “first generation” immersion liquid in photolithography with a 193 nm

light source. The refractive index of water is 1.43, so that the effective
wavelength of light emitted by a 193 nm source can be computed to be
135 nm. Water immersion lithography at 193 nm thus affords a practical
alternative to the option of using a conventional (that is, without immersion
liquids) photolithography system based upon a 157 nm laser source.
Hydrocarbons, especially alkanes, are known to exhibit refractive
indices higher than that of water. For example, replacement of water as
an immersion liquid by bicyclohexyl, which has a refractive index of 1.64,

would reduce the effective wavelength of 193 nm light to 118 nm. While it
1
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alternative to the option of using a conventional
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the formls, | 0g1l0(To/T)/h | where A is the

absor ba8witkex pt als seiiedarereimabovd, Qilsclb‘s‘es that adstsittblel ght
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actual use. This corresponds to an absorbance of 0.22 cm™ or less, as
determined from the formula, |,

A =logo(To/T)h I
where A is the absorbance expressed as cm™, Ty is the incident light
intensity, T, the transmitted light intensity and h, the liquid layer thickness
in centimeters.

According to Miyamatsu, et. al. , Proceedings of SPIE, Volume
5753, 10, a 1milliliter thick layer of immersion liquid should transmit at
least 90% of incident light to be practical in 193nm photolithography. This
corresponds to an absorbance of 0.40 cm™.

While it is known in the art that certain liquid alkanes are
characterized by refractive indices higher than that of water, there is no
teaching in the art of liquid alkanes having absorbances below 0.40 cm™.
For example, the 2003 Aldrich catalog discloses “high purity” cyclohexane:
with an absorbance of 1.0 cm™ at 210 nm; “high purity” hexane: with

2
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Another aspect of the present invention is a method for performing

liquid immersion photolithography comprising:

providing a clean closed loop fluid transport system comprising an
adsorbent segment, a filtration segment, a photo-imaging segment, tubes
disposed to connect the segments, a pump disposed to cause a fluid to
flow through the segments, and a means for delivering and removing a
fluid to and from the photo-imaging segment and a means for purging

absorbed gas from a fluid, said method comprising:

causing a liquid alkane having an absorbance at 193 nm of <0.40

cm™ to be introduced into the photo-imaging segment

disposing the liquid alkane between a light source and a surface

undergoing imagewise illumination by the light source;

causing the liquid alkane to flow from the photo-imaging segment to

the adsorbent segment through the tubes;
3
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Figure 4 is a close-up view of one embodiment of a fluid delivery

means.
Figure 5 is a photolithographic image taken according to Example
16 a, in which the immersion liquid is static during exposure.
20 Figure 6 is a photolithographic image taken according to Example
16 b, in which the immersion liquid is flowing during exposure.
DETAILED DESCRIPTION
For the purposes of the present invention the term “absorbance at

193 nm” refers to the spectroscopic absorbance determined
25  spectrophotometrically at a wavelength of 193 nm. In the present
invention absorbance is expressed in units of reciprocal centimeters, cm™.
The present invention provides a clean closed loop fluid transport
system comprising an adsorbent segment, a photo-imaging segment,
tubes disposed to connect said segments, a pump disposed to cause a
30 fluid to flow there within, and a liquid alkane contained there within wherein

at the point of entry into the photo-imaging segment said liquid alkane is
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Figure 4 is a close-up view of one enbodi nent of a

fluid delivery neans. Figure 5 is a photolithographic
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imrersion liquid is static during exposure. Figure 6
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The present inventors have now found that during photo-imaging a
liquid alkane having the desired absorbance properties can undergo re-
contamination, necessitating its repurification before it can be re-admitted
to the photo-imaging segment. While it is not intended that the present
invention be bound by any particular theory, it is believed that re-
contamination results at least in part from oxygen contamination in an air
atmosphere in the photo-imaging segment, and from photochemical
degradation caused by exposure to high intensity laser irradiation. For
purposes of economy, it is highly desired to recycle low absorbance
alkanes suitable for use in immersion photo-lithography.

Figure 1 shows one embodiment of an apparatus according to the
invention. A storage tank, 1, containing an inert atmosphere, holds a liquid
alkane characterized by an absorbance at 193 nm of < 0.40 cm™,
preferably <0.22 cm™, most preferably <0.15 cm™." A pump, 7, is provided

for circulating the liquid alkane within the system. A photo-imaging
5
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The sequence of components shown in Figure 1 is preferred.
However, the components can also be arranged, for example, in a
sequence (not illustrated) in which the liquid alkane flows from the storage
25 tank, 1, to the adsorbent segment, 8, from there to the photo-imaging
segment, 2, with the pump, 7, situated downstream from the photo-
imaging segment, 2.
Figure 2 shows a further embodiment of an apparatus according to
the present invention, including several additional components. A 304 or
30 314 stainless steel storage tank, 1, holding liquid alkane is maintained in
an inert atmosphere. A control valve, 9, controls the flow of liquid alkane
out of the storage tank to a photo-imaging segment, 2. A window, 3, is

disposed so that UV light can pass through it, as indicated in Figure 2,
6
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the storage tank to a photo-inmagi ng segnent, 2.
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spectrometer, 11. The liquid alkane is then directed to an adsorbent bed,
8, between two stainless steel micron size filters, and thence to a nano-
scale filter, 12. Before returning to the storage tank, the treated fluid
absorption is checked with another in-line UV spectrometer, 13. The
absorption readings of the two spectrometers can be compared for
monitoring adsorbent bed performance.

Figure 3 illustrates an embodiment of the photo-imaging segment,

2, of the system shown in Figures 1 and 2, wherein the entire apparatus is
enclosed in a glove box, 20, flooded with nitrogen or other inert gas. The
Fluid Handling System, 21, comprises the components shown in Figure 1.
Components 3, 4, 5 and 6 are as described supra. A beam of light from
an externally disposed light source, 15, preferably a UV laser, enters
through a bulkhead union containing a window, 16. The light beam is

directed through an expansion lens, 17, and thence to a beam splitter, 18.
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fused, bicyclic, polycyclic, and spiro arrangements. Preferred alkanes
include cyclopentane, cyclohexane, cycloheptane, cyclooctane, decane,
decahydronaphthalene racemate, cis- decahydronaphthalene, trans-
decahydronaphthalene racemate, exo-tetrahydrodicyclopentadiene, 1,1’
bicyclohexyl, 2-ethylnorbornane, n-octyl-cyclohexane, dodecane,
tetradecane, hexadecane, 2-methyl-pentane, 3-methyl pentane, 2,2-
dimethyl butane, 2,3-dimethyl butane, octahydroindene, and mixtures
thereof. More preferred are 2-methylpentane, 3-methylpentane, 2,3-
dimethylbutane, 2,2-dimethylbutane, decane, dodecane, tetradecane,
hexadecane, cyclohexane, cycloheptane, cyclooctane, 2-ethylnorbornane,
octahydroindane, bicyclohexyl, decahydronaphthalene, and exo-

tetrahydrodicyclopentadiene, and mixtures thereof. Bicyclohexyl,
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Conponents 3, 4, 5 and 6 are as described supra. A
beam of light froman externally disposed |ight

ent er s t hr 8QQUS2006/035030
bul khead uni on containing a w ndow 16. The |ight beam
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t ter, 18.0n t of the b
@B HEAT Bl der . 18 One component of the beamis

( aser power neter, 19. The ot her
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h h the | d al k I ,. O d
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Zalfkan% V\flthsteédmefermi abswbavl;?e%élarel drs]sctiefseﬁ by capending UHS.
T 0 t

BB AR 7 25 Rkl RS RO
' Il&t&itldall@éﬂ@iﬂead éx@d%ﬁﬂﬁﬁzé&‘éﬁﬁtﬂa‘bhbwmﬁrérﬁadsﬁbemeXt

to'the wndow to Till the space between the bottom of
t heefersthdy a¢legted frem the group eonrsistingyef snlsmar gelceanbast

o ER et HePar, TG, Zhmict g SR e8! T S Pien SR Pplets
pm@nqmamm is(e:] ﬁaétlodam drfiatiaT meafgmbmfrée stit prh@aet
that portion of the photoi nagi ng section that

cenpiacteg thabayid qiththel adeeeddtdyer is di sposed in an
| nert SHEDARIR R inttdGucdid ?lteecIQé% it dodh HeRrArS

controll using a suctionr enbo
slsggiem Whenihetsystem |srtgedxmstoth1e nwpt)ses ﬁﬂthetptmselair e

connected to the suction si C|rculat| unmp.
SIMMEREPE. 7 5YStagh SUNBGPPHRers of RatipRsEL it “FiRo ?arﬁﬂﬁﬁ%s
a ﬁgkagxr'é' rihr?bgé’é“ﬁ n%%'n@b' iR @b@éﬁb%%é @/y' the@ikéh“e\’ét' 1333 nm

1 ¢ al kanes,” branched and/or unbranched
algmatesthemo f4renxt aeeurs Wdthirod migutesapf eontact with shaayrtem.

A APEBEL el TR P38 tnd e Bhitiogbicife ©

| MhEARPEMSA ﬁéﬂ:hh[q@%bl@?éd @8 deelibed nythe IEWhple%USGd
bi cyclic, spi rQ arrangemnment

Phereinbelgval N@weger HEsQe efyRodipenisaiids d@&&ﬁ%‘ﬁéaaw@e

gé@%ﬁt@?{gga’b&aﬁé éﬂg 6? gzﬁgzr%flggér\ﬁhen detection of such change is

d evithitvy tITe)lmph.ttbal afreparticalas dpectophotomptricapparatus and/or
method.

Producing a clean system desirably involves handling all
components in an oxygen minimized system, preferably a system flushed
with an inert gas. Suitable inert gases include but are not limited to N, Ar,
He, or a mixture thereof. Cleaning procedures for the components of the
system take advantage of that aspect of the alkanes that makes them
highly susceptible to contamination in the first place, namely, they are
excellent solvents.

For example, it has been found that any metal surface may be
suitably cleaned by exposure to an alkane recited herein above. It may be

necessary to apply repeated flushings in order to remove all the
9
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3-net hyl pentane, 2,2- dinethyl butane, 2,3-dinethyl
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preferred are 2-nmeth ent ane, methlﬁwgtane 2, 3-
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E&Sm@r . gnrc%algb aq%gélf gﬁﬁ%ﬁp@}%t‘?‘uﬂeg )[gf’e%ﬁgd t|sh ger\r
eéfée‘i e‘rpé?&; i d%i%a(&?”%saﬁ@%ﬁﬂ e%pdcdﬁtéétéa %\ﬁthtéwérkahe

are prefe kane sui'ta or use in
puatitthe éciebint brterion elefined hesemabm\m:tsemeiz ed by

b b t 19 0.
2ms‘ir B eGs i Greemantal Sgoiae isansd ush o8 A Pethadiof
&ﬁs |nga‘-frefaﬂ§/ | SBAEEABat bR tdhihahbefromehetallks

sor ces are disclosed in copending U S patent
apprfacaﬁ i kbdna$11e1=szouQ@@atﬁh@hpﬁaa@mmé@d%%‘éﬁé’y clean

c PRRsaChrRbal o, K B K8t W) RiRoBiiAatR diS Bavised
t b\m%f&ﬁplwmlémaﬁmalﬁfuoﬁhbl eﬁc@elve mrclentratmm eﬁ:amganlc
si eves, alumna, and m xt ures t her eof {ef ed

t 6ostaspinantseethe metal surfrane beldLlpangd F@Mé@a safire.
di sti| lCﬁEbP%‘w'te{hlé‘n%tg toE cSﬁsl% étldn th@rapi?gratus and

cont acting sor ent kane
I sleménisdhermbf um:liumlet b@mmaralallxc busitablé glassivessels specially

D GRSBELIop RS RO BB UTE Rtet B sUch &5 LiisaCHarl T dhettl
Offro% %WR%C eﬁwo%‘f‘éf‘érrécﬁ are @mnoréwl;giweﬂmetbria@ 8li¢h as

purposes if no c § In anéor bance t he al kane at
19%flont §FTéR, drefond PHA, Geflo fEi%mTeﬂqmuﬁqualhavﬁjl@b@

Ol UFE LR SERHER ofa Brifing IBRREISNE! e
”Eg‘gﬁ%’d gisﬁﬁllﬁe b@ﬁé&ﬁ@ﬁh@fﬁém@@paﬁln@waﬂehem suppﬂlbd as new,
virgin material do not need to be treated at all.

It has been found in the practice of the invention that the type of
valve employed can be a factor in the cleanliness of the system. Suitable
valves include bellows valves, diaphragm valves, and ball valves. In
general, valves need to be cleaned prior to use with an alkane suitable for
use in the present invention. Valves with internal seats, packings and
wetted areas made of metals such as stainless steel (types 314 or 304),
Hastelloy®, steel and Inconel® steel are preferred or, less preferably,
carbon steel, or perfluoropolymers such as Teflon® PTFE, Teflon® PFA,
Teflon® FEP, or Teflon® AF are suitable for use. Suitable valves are
commercially available, including Swagelok® SS-4H-SC11 bellows valve,
and Hoke 7122G4Y/HPS-18 ball valves. preferably the valves are

specially treated by the manufacturer for oxygen service.
10
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resolution of a particular spectrophotonetric
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beyrekahdib Y3 A hessaslabyiepanosumml¢cularsialdsa bé metsctiar

F BlowRe LB PPl epUlar SEuss ioge Pan Sk AT, Al B fsicic
?gg@{uﬁ%g %rn é&ﬁ%}:@d ?g%{\%cﬁmllit@g@tﬂ/aitéd 8afb®W, and
fhe 11na

treatnment is carried out with a
| ephbirstiongbercaf .k Hirasshecndoliad that apsee ahserbents arednere

& PEIBIAG B FEHOURT G chmps S I8 SRR el =2
H%?éf%b{egxét c%ie%lmtaerﬁi biefsloh8egnelelEds $8Eeholeliapsieves in

sui tab _l'ess preferred’is _carbon steel. The term
" chedniratiomwitin ettigl algninaeis wefarest B exPt h an al kane

e raniideiBBanaflank Qf sy MRS EpR3OREE DY

ad@%&f—bté?ﬁs?m\f.i ng la: ready | ow concentrations of
contam nants frommnetallic surfaces. It has been found
that sddehsugaceara.sheemalograrhic %@%%ﬁqoﬂaéf%fben are

sur . ' Lot : il '
ATERERR: SR 0 SitokRs OF ot i aRafl liordace.
eXqRSSareeactioateer iy blbwings nitdogen gaisircovss e bed avhile haating

athe esipr b e SiFer rapdnieia ks ERcn 8p fue bbSorvent

aRRR REUDIARE of the bed, and can be readily determined by one skilled in
the art. For many purposes 2 hours is preferred. The activated adsorbent
is cooled under nitrogen. Carbon is activated by blowing nitrogen over the
bed for two hours at 200*C and then cooling under nitrogen. The
adsorbents can be activated in a tube external to the bed and then loaded
into the bed under an inert gas such as nitrogen or, if a heating element is
provided for the bed, the heating can be done in place with the purge gas

as

stream being vented external to the equipment.

The adsorbent through which the alkane flows can be contained in
beds of adsorbent, fluidized beds, and/or columns. Preferred are
chromatographic columns. It has been found satisfactory in the practice of
the present invention to employ columns with length to diameter ratios of
at least 10 with a liquid alkane residence time of about 5 to 20 minutes. A

11
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striory§Statiiceeliqlity B8 Dnd Hie®od 3 thertidRit éﬂdhoyél hitrogen

steel "and Inconel (r) steel are preferred or, |ess
pravfespssygen dfano ihe head space pbove ther lipad phiens asuibe as

Tef P T f | PEA  Tefl FEP

Ty ERt rdligesio B PR, 10 malrad bdatseriag bas agr

C digjoRy shaddsyaravsdipaddibg byl dalanthratic FMAAAE @b gas does not
SS-4H SC1 1 bell ows val ve, and Hoke 7122GA4Y/ HPS- 18

baliteciy coatachihe liquighl pinimizingihpedisgelatiarpating sweep gas into
.od: auf ' ]

{ K as WA (5 St s BeREoriEA), BReblAERH of

Pribé smeep gasempynpsult inaindesireble mdsdle foramtion tdugitighshado-

| h W L bl . haf t I t.hat
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The adsorbént segnent, contains an adsorbent, whic
cdvighbpitrogen dissolyiian. ISowever asllang ek dhere, aré Nondsibleul ar

SEBTes RABRLEH) i S Shach raRTEebaL 3 £HR methos
alfgnighaoving oRgdéry Rithe seacdNea falag fih Mbthbt (Whereby the liquid
activated carbon, and o )
alkane falls down a packed column with nitrogen flowing upwards.
The adsorbent segment can also function to scavenge oxygen from
the liquid alkane. However, such use can shorten the life of the adsorbent.
Removing nitrogen can be accomplished using a membrane
degasser, since the pressure differential forces the gas phase through the
membrane away from the liquid phase. Nitrogen can also be removed
with a settling tank that just allows the inert bubbles to rise out of the fluid.
The advantage of a membrane degasser is that both oxygen and inert
bubbles can be removed in the same unit operation.
In a preferred embodiment, a membrane degasser is employed.
The photo-imaging segment of the clean closed loop fluid transport
system need not conform to any particular configuration, provided that the

liquid alkane undergoes exposure to VUV irradiation while flowing through
12



conmbi nations thereof. It has been found that sone
absorbents are nore preferable for particular liquid

wabhb@estss3 Thus, for exanple, silica is preferredrfuseoo6/035030

10

15

20

25

30

decal i n and bi cycl ohexyl whereas 13X nol ecul ar si eves
i thecphdtosimaiging sedrhemte lﬁulwbleihlghli intenisity MUY #radiatidrois

tetrah d I t skilled in the art
ﬁé% SBe] SH TGS PL RO BHom 6 Qi eFmerdaser.
éil?%ﬁ@l rg?ﬂfséﬂF&e% gélﬁég%u@%réﬁéﬂ'id%ﬁé@ tdfa gnps such as
err or sor

anic a ents are activate
[ gaedlsa:herge Ilaeimaraa‘ dexgeritfheyerzore crdialogene thdey pldsova hight

nitro air over bed while heating the bed to
ToRlERS s Eeateiai et lndery Hches Ty sl of
aRpmsPRI3kr Agt ddipce! ume of the bed, and can be

readily determ ned by one skilled in the art. For many

pur pos #sore Rolhoslimenip i photedmaping aegmeat campdseas: béght

SRR SRS e barPEmeonBly o RS iethihpvico -

aw@vél@ﬁgtrcﬁ'@hi dlsbudn@erio Ebo0 260 nn, h;ﬁemlé@ly h@etrﬁn a8
actlvated in a tube external to the bed and
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been found satisfactory in the practice of the present
i prederabhnthecphnipresist sulfaeais wmplelt@mgnmetr@edjnraﬂnetlgmd
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been found satisfactory. In a preferred enbodi nent, a

s BOMEaSR St ﬁiﬂ@@dmgleéaww@@ theverecifiesoise affiee photoresist
QFS Ha¢ %hgé&? [}?é?énélf’tﬁé%%&t RAght GittiahPorOthpdtdf AlsioRle
t he I qul al Kane.

in, or be swollen by or otherwise damaged by and reduce the transparency
of the liquid alkane. In such cases a protective topcoat can be applied to
the resist. The topcoat is preferably opticaily uniform, transparent to 193
and 248 nm light, adherent to the resist, insoluble in the liquid alkane , and
easily deposited and easily removed after imaging has taken place.
Suitable topcoats include highly fluorinated polymers that are
soluble in highly fluorinated solvents. Highly fluorinated solvents are an
important element of the process of preparing a topcoat because they do
not disturb most photoresist compositions. Suitable topcoat polymers
include the homopolymer of perfluorobutenylvinyl ether {1,1,2,3,3,4,4-
heptafluoro-4-[(trifluoroethenyl)oxy]}-1-butene} or amorphous soluble
copolymers of two or more monomers such as tetrafluoroethylene (TFE),
hexafluoropropylene (HFP), perfluorodimethyldioxole [4,5-difluoro-2,2-

bis(trifluoromethyl)-1,3-dioxlole], and perfluoro alkyl vinyl ethers such as
13
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t iR &E?‘@rﬁ'ﬁ%d{“ﬁgmgﬁ%‘?‘ﬁl Yo any particul ar

confi gur at ion, provided that the
a clean closed loop fluid transport system comprising an adsorbent

segment, a photo-imaging segment, a deoxygenation segment,
tubes disposed to connect the segments, a pump disposed to
cause a fluid to flow there within; and, wherein the adsorbent
segment and the deoxygenation segment contain an inert gas

atmosphere;

disposing the liquid alkane between a light source and a surface
undergoing imagewise illumination by the light source; causing the liquid
alkane to flow from the photo-imaging segment to the deoxygenation
segment and the adsorbent segment via tubes, subjecting the liquid
alkane to deoxygenation, contacting the deoxygenated liquid alkane with
an adsorbent, the thus contacted liquid alkane being characterized by an
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practice of the present invention are used until the goal state of cleanliness
is reached. Once the goal state of cleanliness is reached, the
photolithographic imaging process may be commenced.

The absorbance of the liquid alkane entering the photo-imaging
segment of the apparatus is desirably continuously monitored. This can
be accomplished, for example, by taking small aliquots of the circulating
fluid and determining the absorbance on an off-line spectrophotometer.
However, it is highly preferred to use an in-line spectrophotometer to
provide continuous monitoring of the absorbance of the circulating liquid
alkane during operation of the photo-imaging segment.

While it is fundamental to the operability of the method that the

liquid alkane being introduced into the photo-imaging segment have an
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al so include smal|l anpunts of ternpnoners

T rlii Valuo AT ABORNGB . dLhus ot sXamEla yen absorbance

t h’id‘rﬁtHﬂﬁ?%hB%Qﬂgt » the luRt élkéﬁé %HPF] @ﬁ?&e ntrod ctlo into the

3,3,3,2 exa ene

etrafl uor opr opene, uor ol SO
[ Bhato3magigy segment has shifted dnegrmd liye ppcepiable) tpldnamcesothe

S e Sol 957 TR bl bRl b 5.8 esiavt
S Mpce ther ke @@bﬁ Ifwé BBS&®ANES |ré’rﬁah% BISWUHE0 cm™

Fl uorinert" FC-75, Fluorinert" FC 40, Perfornmance

Fl ui d" Tﬁ&%ﬁon%m&ﬁ&nn éd fl theRwehy&Bmples.

perfluorotributyl amne, perfl uorooctane,
per f | uor oal kanes, and pe MMEIOE cahydr onapt hal ene.

1 om EABrorBfiE8adiNekEeR SnbBbaRiical s G R
Delaadaremeydd " Preaitfort a8 &sBfiaAdd to be +/- 0.03 to (O .04 units.

poI y(hexaf | uor opropyl ene: tetrafl uoroet EKI ene)

hERBFYAhSAGY| abrorbaneampgdrerUgd Oy @ds@I@ny@rer in

DA B! S BBREL I ol o

paesﬁc&lhiws nventi on provi des a met hod for performng

a1 quY BMERELE 2 AatabpdUrRnia e b iea atsors

’nﬁ‘a%uﬁp CHhnetidut! Ra\hﬁ% fa'ﬁtét%%mé M@ éﬁt Rr‘?\ 0,10 as,

p hot o- I'Magi ng segnhent a clean cl ose Ioop fluid
t repeivesk and asefractvenpdexs belpvathah of waterwas employied as a

phat o- i magi ng segnment, a deoxygenati on segnent, tubes
dW%Bﬁ'QQoscﬁ%erﬁ'onnect the segnents, a punp disposed to

Absorbance determination

Absorbance was measured using a Varian Cary 5 UV/Vis/NIR
spectrometer or one of two variable angle spectroscopic ellipsometers
manufactured by J. A. Woollam Co., Inc., Lincoln, NE, either a VUV-Vase®
model VU-302 for measurements from the near IR to 145 nm, or a DUV-
Vase® model V- for measurements from the near IR to 187 nm..

Unless otherwise stated, all absorbance determinations in the
examples following were made at 193 nm and are in units of cm™
Comparative Example 1

A new 2.25 liter Hoke® stainless steel cylinder was steam cleaned
and dried by blowing N2. The treated cylinder body and needle valves
washed with methanol, acetone, and then dried by blowing dry with N2
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woani7aesan i nert gas at nosphere;

cause a fluid to flow there within; and, wherein the
adsor bent segnent and t he deoxygenati on segnent

di sposi ng t hecriugeiod/035030
al kane between a light source and a surface undergoing

| befoesvassernblyl Mhepadsemiblgd iskeinleis§ lsteet @ylireRsr W@éléhék‘ged
the liquid alkane to flow fromthe photo-inmagin

SWHRERML of 2.Redibrepaeiveroraiiang (%E%W@dtat@oa@@aﬁeo@frﬁ 10
i sat

AT i bkt 283 B! 2P gagBE cRbbuGhy 3B fincrawn

afrantb ewiytihd@maratii® absovbantd et tl ﬁanmonm eleteemnedqtm lsk

abl&zne peing characterized by anabsorbance at 193 nm
M0 cnt 1; and, causing the contacted Iiquid

al kane to f| owfromthe adsorbent segment to the

I lednt . The net hod is adaptable to any

enbodi r [

o t nel e iRnenBRe Bibicy frod S BYFNGLE liord REGR AR

bl ) dreasrexeivibef, inﬂe.dstlaeﬂaasrstabldﬂeke Hyllﬂd@dlpaﬁmumber

L d f d

5B} o iavssupndsime Hae Timasrnabyas damedovith agetone
t
Sﬁ@%ﬁ%@%@% RER RAPAOMIR With M dettafPEAiE’ 1o
hBykpglok® ¢ylinder, upartmmmbenﬁO%el—laFBrmﬂOdS@Imaaﬁmt had been
' bI f ' th ti

"t Snfed BV ibaTeRiAGk e oo SENEY R dilinder was
CillelvRh géptdmu@w bOenifMere 6 21Ndinyarspfeliucipentane .
enbodi nent, the paratus is rOV|ddW|th an in-line

Lﬁagfpéukndﬂam%r@@ed moﬂﬁ%ﬁ@”t&f Peintes Tee 2t3
SO R OBEEenk SY SRR AL RO o
ctmeasepamts Twc&ameam@ batitked , Thienabsorbantaof thg: asddhpS-

dr.ai ne out, and repl aced an aliquot of a I|qU| d
aaubaﬁ@ ltoofep%ntﬁaﬁ fiord eapa&v‘o'{fterdvast agheaskf; 193 nm and
'fh\éGr‘é%Uﬁé‘ﬁre QI?&N@'M Wpe PhelolWgui d al kane is used for a

final was spectrophot onet er denonstrates
tl F S III nutes UI LT IT,UT a1| UTI I.IIE I I L]UI u ch RAITT
suitgg%e'for the practice of the invention has not

undrgel™ X | ncrease i n absorbance of grlefisgrbahes
0l04 cmt 1 the

Control, Vertrel® XF 2,3-dihydroperfluoropentane | 0.09

Hoke Cyl: as rec'd: 0.80
Hoke Cyl: cleaned with methanol/acetone, 0.25
Swagelok®: SC11... 02 service, 0.61

Comparative Example 3

Silonite™ coated stainless steel cylinders and valves were obtained
from Entech Instruments, Inc., Simi Valley, California.

An as received Silonite™ coated 1 liter stainless steel cylinder, (part
#01-29-61000L), and two Silonite™ coated stainless steel valves, (part #
01-29-66200L), were unpackaged, placed into the nitrogen dry box
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systemis deened clean. If an increase in absorbance
greater than 0.04 cm 1 is observed, additional

waloaei4s3of the |iquid al kane suitable for thecT/Uus2006/035030

practice of the present invention are used until the
aARichahitier, @id tHecamtethamber of theagitreziboxpurgecheitiyoittogen
state of cleanliness is reached, the phot ol i t hogr aphi ¢
ﬁhfﬁ@lt'lﬁ@espr ocess may be comenced. The absorbance of
L1, | TP Sl an LS b bifs BRAIQNAIBANSE FaRTBITED
of the apparatus 1s desira conti nuously nonitored.
Trtto she dry bex wt\eoerthe wdiee! ihrbeds weaermreppes withkieflonéhiape

anudhizavied o Saeneid bl e Dol SaRRLs AR o1

'Ag)g@ggi no%mnﬁér%%ﬁ pupifitd @lcfyaldh@xyn (BCH ) having an_

oneter to provi de conti nuous nonitori ng
Bbeommmebﬁ@c‘éo ot 193nmovascaddad hgougtyang Oéth@aY@V@mrTh?g

SRR infod S Sl A =R Hid¥en SR it B¢,
lin$i4é tharbkamiee Wejoated bYiineier e dhaken! tutled rlrmmenmﬂg iang
segnent have anabsorbance at 193 nm of <

p'eétfc‘@«“mmw spngiesc ihan theypaiifigs BEE Was Wt%érqun ? Rfr the
t S
SHlRFTRES: ShaPaRE  rIRURLr TR hdlioh® 20 o dnsescl
q;mxﬂlﬂeﬂtB@Ialwere rgpoploned imting saporiimanngoi Resulisgie shown in
tolq? g s around whatever the actual starting val ue
f Wr bance is. Thus, for exanple, when
absor bance moni tof, Aﬂgzsmows that the Tiqui d al kane at
the point of introduction into the phototi mgi ng
segnent has shi f{tB@Hbeyond t|absarbamcenl 2 t ol erances,
the systemis prj;er. bl.y stopped and the{liquid al kane
replaced. It is ' l e to| replace the|al kane even
i f the absorbandegs@pgi ns bef@wg0. 40 cm L The
invention is further Illustrated in the foll ow ng
exanpl es. EXAVPLES' msr bance0dds rreasurwd
spect r ophot onet Hy—at—198 amby—stangdar d net hods.
Preci si on was eﬁﬁ‘ﬂéﬁ to b Oﬁp 0.03 to 0.04 units.
For cycl ohexane [i4W gRs®r bancegwas neasur éd by the
relative

Comparative Example 4

In this Comparative Example, Hoke® sample cylinder and parts
were evaluated for their effect on the absorbance of an initially clean fluid.
Eight rinses were required for the cylinders to be adequately clean. A
cylinder was determined to be “adequately clean” when the fiuid coming
out of the cylinder had the same optical absorbance at 193 nm as the
initial purified fluid before being put into the cylinder.

A new 1 liter Hoke® stainless steel cylinder, HD022, two Hoke®
stainless steel ball valves, 7122G4Y/HPS-18, and two stainless steel
“%"mnpt x: %~ tube fittings, 4AM8316/HPS-18 were unpackaged and then
placed into the nitrogen dry box antechamber. The parts were cleaned for
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transm ssion nethod. Sources of the pure solvents used
inthis work are as follows: Vertrel (r) XF

wa 2807 tugslr oper f | uor opent ane, M | | er - St ephensoRCT/US2006/035030

Danbury, Connecticut, having an absorbance at 193 nm =
Oogyyeassereicei hyettieandnafactirera éifiev evaaustiorbsfl roont Hiatfoldwed

ter was | oyed as a washi hg sol vent. Absorbance
oBY iR ef dhe 26 NiBG80r $AMes, e BaNaResn then

Gaadsterrd/iMosthd! %s%CTﬁQs?f&@gé W Wiap EdW m{)dr@'perm

angl e spectroscopic el lipsomgters mang actured
Alaparan m@breadelddnto eactcend of 1€, cyintae Mhe 14" compression

0 R 06 <1 1o ot Bafaliasicie 3t tarbae oV e end of
ﬁ@é@!ﬂbﬁﬂﬁ%ﬂ‘ﬁﬁmj@ rrpmetdwnaéﬁrrhle%és@nﬁﬁéd BWndeVWa%stﬁen n filed

ot herw se sta absor bance determ nations
ewéh@pﬁgommateiwﬁgnm/élt@s Phas racem_@dsvﬂnhr@lﬁhxarZe& n

i
- BiidPertiliipERERE! Sl By koS absot M3 saned” and
dd nhydrdm;erﬂnjdmpémahé indifie tie epirrier Qdsi Shdken brsied attizontally
nee(gl e Vahng ed with nethanol, acetone and t hen
GRRNeHipa aqgnmsm%zmsv@rp@egmqmryangmas then
60
ARl rfnathg cgger?%f $@lo i .&%%tg@as%?%ﬂe Wt

di hydr uor opent ane recerved
a@iﬁadmwmmbpmtmﬁecwaréz)emplé\ydacé in thiecs#me Omarmert Maen

coRnSERY e S ERIE IS e EC H WerepRetect to
bielyhiAgat, hakOiBaH %I‘léﬂf IS ZhéBCEH Wésrtﬂ%ﬁ%t gra\e/n

fl ushed drybox three steel cylinders were evaluate
1fromrthe syliadesianstits absorbance| sxasytask|Thaoksarpancalmsults

Rl UGN sionet Bo AEF Ao R o TobfRS bl

dried by bl ow ng| vaplke 31 trogen and (3) a
BCH Purified absorbance
Control 0.09
1% rinse 0.29
2" rinse 0.20
3" rinse 0.14
4" rinse 0.19
5" rinse 0.14
6" rinse 0.1
7" rinse 0.10
8" rinse 0.10

Example 1
1A. Fluoropolymer bags

Small samples of 2 mil thick Teflon® PFA and 1 mil thick Teflon®
FEP film as received were cut into either triangles or squares using a new
razor blade that had been rinsed first with Vertrel® XF and then wiped dry
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WORYIME14881 Vi Ce.

Swagel ok(r) cylinder, (part nunber 304L- HDF8-1000- SC1
1) that had been pre-cleaned by its manufacturer for

approximately 20 mlliliters of
2with @i Kiydvipps®EXHhrpaperttisaee.. THacpapor tissdes wirs alsd) ligsh

do[}‘é/’ﬁ’?}g a'%gg@ﬁ%ﬁ‘gﬁm ?%ﬁ%ﬁdﬂwmkom each of
theceDidaHisicttbat Bldybfoﬁ%x @Jsbs?rgég% 8ROUOY3 was

bottl es. The absorbance o
dinep @dstedrto the bofilest cavsinty tblm Tﬁl@lm@:E?FAramir FERsamples to

3-am t he. results resovvnln Tabl
BT Rsd, TR B enating e g shine Cesretbvered fom
stheibutikesand aBborbshicas ﬁi@as@?éb With\gs réane SHWH Merhble 4
from Entech Instrunents, Inc., Sim | ey,
PWorni a. An as recei ved Si I oni te" coat ed 1 liter
stajnless steel cylinder, (part #01 -29-61 000L), and
t wo|Tethledi t e" coated st ai nI ess steel valves, (part #

nnnnnnnnnn aged—placed—into the

01- Tt TACTIN (T avawypw |
ni t gﬁ%%%!)@kﬁﬂ%ber Sagiple; he ant echanber of
t he|@iguge Dox purged W Th NiTFEFFEA ﬁrrr?%\fg'rﬁﬁﬁs&dke

Silpnite" stainless steel parts and cyl er -wer
trafsi@t4ed into the dry boi‘eﬂbmFFAfnlen \aevitightgceds

wer th—Fefton{r ap ad—t-hreaded—into
eac?'m of the Sil oni te\s{ Iﬂﬁ%?ﬁ%ﬁ"@ym@wlgwﬁwk
Apprxosmtely 20 mTT1Ti ters eHBn gﬁln?%é%@{}jwas R

(BOH)_having an absorbance of
t hr Bl Dne of the val ves. Slim“tmglamwolmsanyl Gsatlols

W-th-both—valres—cl-osed—the Bllrlfl ed-BCH-

f ol Fows—WHHh—boeth—vralves—closed—+

inside the Silonite" coated cylinder was shaken,
r1B PEd Badgd zontal |y and vertically for 3 m nutes. Then
t he purﬁl ed BCH was withdrawn fromthe cylinder and

its abRilop@hiREAhags T DuRent ddubropothict2(E.MDuRort el

R L A TN .

Exaabbdwe 4nd the results are shown in Table 5 below.

Table 5
Sample Bicylcohexyl absorbance
Purified BCH Control 0.1175

PFA bag filled with BCH, sit in dry [0.1318
box for 24 hours
PFA bag filled with BCH, sit in the [0.1325
lab hood for 24 hours

Example 2

A new 2.25 liter Hoke stainless steel cylinder body was steam
cleaned and dried by blowing N2. The treated cylinder body and needle
valves washed with methanol, acetone, and then dried with blowing N2
before assembly. The assembled stainless steel cylinder was then rinsed

out with three 60 ml aliquots of Vertrel ®XF 2,3-dihydroperfluoropentane
20
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In this Conparative Exanple, Hoke(r) sanple cylinder

and parts were evaluated for their effect on the
wahewroeassse of an initially clean fluid. Ei ghtPCTuSe®6/035030

were required for the cylinders to be adequately

ah&ano 60 rﬂvblllcﬂ.dﬁs‘, ofvparifitet eyaiomsdined phfidddecnraing tp
cl ean" when t

e isepepan U srsmnapbitationg] 11#5285) A ian o
BHEblﬂk_)aﬁgeﬁ ok B@ *??fc%% 4 0 ' é?)g 204l élﬁh@tst M&Hﬂedrﬂ%oloﬁéxyl

nl ess steel cylinder
a’(thrbdnﬁ(er ¥ 0s07%8)nlTeresaksarbandmof theainsedluids is shown in
G4Y/HPS—18 and two stainless steel 1/ 2' mmpt x
®-ube fittings, 4AMB316/HPS-18 were unpackaged and

th(zm nI aced into th

prh@ were cleaned foroxygen service by the

V}g‘%‘&i act F%M A ter—evacuation of roomal T 1 ol T gy&sihahce
€ a

nt echanber with nitrogen, 3 tijnes, the

ComttrioP \/\ETQS—Hmdm[ﬁrﬂu@rbpedtam;to the dry box. [The  0.10

fittingslwere wapped with Teflon{+) PTFE-tape-and

Wmfﬂﬁrepa&ﬂ‘hw@@ﬁéﬁm@ﬁﬁt%\e the cylinder. The var 024

com ntess Steel bal| valveg 15
%@érg 12‘:3 g?@?@ﬁbﬂ%e en r%lf each of the fijtting in
Whenerd | nges-dinjaeoperfieotpedtand.i nder was then filled 0.12
with appraxi UHJ_PL\[ 20 mlliliters of asreceived

Gastirol el (ﬁ)CMDf‘QBXgnedl hydr oper f | uor opent ane. Wh bot h0-12

S 3-—dirhydroper f'uor opent ane| i nsi de.
W%h cyAI i1 Wﬁbﬂ% éz; 0.16

was shaken, rolled horizontally and
washaraal [ \Cydishekarienut es. The 0.14
2, 3-di hydroperfl uoropent i from
CmirQin i ndeyclaexyaddi ti onal al i quots of 2, 3- 0.09
Ry O 0P6 uorne were enptoyedTn The sane 0.62
%P@é’ %W*E >l<|mately 20 mlliliters of purified
ggy@ﬁpﬁembyd@%ﬁylv\ere poured into the cylinder, 0.31
shaken and rolle 3 mnutes. The BCH was—then
Wiasherr &wn Blﬁ){ﬁi@h%lcyl i nder and its absorbance 0.14

peasured Yance resutts for erght SUCCessi v
\&Pgﬁ%ﬂ;’ﬁéﬁﬁftﬁé@l are shown in Table 3 bel ow 0.088
Exanple 1
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woeawicsed3wer e cut

1A. Fl uoropol yner bags Small sanples of 2 m| thick
Teflon(r) PFA and 1 m | thick Teflon(r) FEP film as

using a new razor bl ade that had been rinsed first
VWExdmry8rel (r) XF and then wiped drywith a
Ki mm pes(r{ EX- L paper, tissue. The%fa per tissues were

aI so uskd! §wagstoqk. thnégrﬁmr@sclw y hreaienyfadierer were
Sk iR A JiF FERIRE LP R e Y pREs

bEKamp!B Sabteisnlys ahe siAelvh imTablePFA and FEP sanples to
be fully i mersed. The next norning the bicycl ohexyl

Wapld gcovered fromthe bottles and absor bances
measured with the results shown in Tabl 4 below 1B

ﬁ&dMQ@pﬁé‘ﬂWWﬁpﬁmtaﬂBA bags from DuPont Fab.ﬁqrbpncelucts

Al AT S R R Moove [0, e

Sk@ISC $NOVD2iden/iaB] asHQinel ow. Exanpl 12 A new
2 liter Hoke stainless steel cylinder; body was

&m‘%@aﬁ'@w an@Zdﬂﬂﬂelde,b? "biirse ng N2. Tfﬂaﬂreat ed

Wi h”B?%Wl ng N2 it

assenbl y The asserrbl ed stainless steel cylinder was
then rinsed out with three 60 nl aliquots of Vertrel
- di hydroper f| uor opent aneand two 60 i

(Example 4 |
o ducESyShePdihd SAeCH Bl BRI BLE ReRrSEr b,
, PO®)-S@ t1h \Aﬂth twbseadb\afﬁwag@lbk&télﬁl,esfs @ltéeﬂ\b%dom! valves28S-
oM Bl hhacSed] Bl e tpé%‘%%&rg%?%%ﬁmﬁ .
1 i S SRS 05
rlnltrggen \ﬁhry hoxead ingdrevipusexampldés arﬂmfamh»ér Cﬁmﬁmags were
Ev)\(/ra ped W|’th '?Sﬁoné?aé‘é &nd ?r?é“# threac]_eé) m?o each end of the
Swagelok® cylinder. The 4" compression fitting on the bellows valves
were attached to 4" tube end of each of the fittings in the cylinder. The
assembled cylinder was filled with approximately 20 milliters of 2,3-
dihydroperfluoropentane having an absorbance of 0.10 . With both
valves closed, the 2,3-dihydroperfluoropentane inside the cylinder was
shaken, rolled horizontally and vertically for 3 minutes. Then the 2,3-
dihydroperfluoropentane was withdrawn from the cylinder. After three 2,3-
dihydroperfluoropentane rinses were completed, the cylinder was allowed
to dry in the dry box. Then approximately 20 milliters of purified exo-
tetrahydrodicyclopentadiene, was poured into the cylinder, shaken and
rolled, 3 minutes. The Exo-tetrahydrodicyclopentadiene was withdrawn
from the cylinder and its absorbance was measured and the results are
summarized in tables 9, 10, 11, and 12 below. Fresh exo-

tetrahydrodicyclopentadiene rinses and measurements, absorbance, were

22

into either triangles or sqRaETAS2006/035030




Exanple 4 Four new 1 liter Swagel ok(r) stainless steel
cylinders, SS-HDF8- 1000-SCl 1, with two each Swagel ok
webteai7ess steel bell ows val ves, SS- 4H SCl 1, panaSkose/035030
stainless steel 34"mpt x " tube fittings, SS-4-1-8-
S{idnd unff ﬁwe%ﬁf gﬂﬁérﬁ% Sthé hipsERiHY BeldHnge vhRe asidntrol
service, placed into the nitrogen dry box as in
pmﬂh:me»epeasmmabsrr@ntl -chanber. The fittings were
wr apped with Teflon(r) tape and then threaded into
eqeiblesd of the Swagel ok(r) cylinder. The "

rmuaccl on_fitti ng-on the-bell ows—val-ves—were

Fxa-fatmhydredicyglgpentadiene o RUKITlOd ( ho IhSATbARSE; 1
- lmueu ——The—assenbied cyl T nder wagy i red wth
pt;r Ximately 20 milliters of 2, 3- )
Sioe Cywar aPeimsane havi ng an absor{agge of 0.10 .

Vth ot h val ves r‘l osed. _the

‘Swagelgel Gy Rloirient ane i nsi de t he c@?ﬁnder was

S@WWE for—3
mmnu %‘9 the 2, di hydr operfl uoro en?ane was

wi thdrawn fromthe cylinder. After three 2, 3-
dihydroperfl uoropentane rinses were conpleted—the
c

yT@h'GeQ was al lowed to dry in the dry box. Then

cr TR Pt Gyl VP oo, LaPeariene.
VEoRWer, shaken and rolled, 3 mnutes. b9

wi-thdrawnfrom-the
T CAVITT T T T C TG

c

Ex,o_tﬂLah;LdLadJ_%y‘;Lope—nLadJ—ene—wa% o
cySWﬁQ@lOClirQ)VI#Z sI"alR$ bance was neasur ed| 9 t he
"

b

I

/D('n'-"O_L

A)

i —mtabtes 9, 10; arAnd 12-
b$\§”mp8||9;é%o? #I %ydr odi cycl opent adi egésosi nses and
P8GMaGeIRRICyI#ZBDikesice, wer edone until | OBy
bsorbance of the rinse was the sane val

l e as the

a
control within experl nmental error. Exarrpl e 5 Sarrpl es

y ag@qgj ected—to Trradiattomr wth—193nmiaser 11 gnt
ijn

€

B

q

ng cell systemin a nitrogren purged
Bl afatighy ot rslopentadienadipurifibdy t h a abSdrbande F

xcinmer |laser as the |iguid Jl\'la_g__p_aggor‘l throuagh the

peordedl cel | nul t| ple tims. Nit rogen gag Op? ssure was
Hed ot —as Tneeded to achieve 4 pw rates

c%@@lggylﬁé/s Lcf’ln(g.’f_r"he | aser 0.37

Swagelock Cyl#3: 2™ rinse 0.30

Swagelock Cyl#3: 3" rinse 0.30
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was operating at 400 hz (400 |aser
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wenerggiaensity of 0.6 mi/cnR to 0.9 mJ/cnR and@CaUSa®EN35030
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Exdmfle 9
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g’gecg@ser

Qw9 opératitg 100 THY @0Di15¥&H Asee/ beVBscoP@SFiBfla pulse
duration of 20 nanoseconds), and had an energy density of 0.6 mJ/cm?to

0.9 mJ/cm® and a laser spot size of 10 mm. The optical cell had a fused

silica windows and was comparable to a Harrick Scientific Corp.

Demountable Liquid Cell model DLC-M13 (Harrick Scientific Corporation

88 Broadway Ossining, NY). The windows were
had an open aperture of 10 mm to match the las
under irradiation was 1mm thick.

Example 5A Decalin

spaced 1 mm apart and
er beam size. The fluid

A decalin sample, (purified according to methods disclosed in U.S.

Patent Application 11/141,285) absorbance of
through the cell 5 times at 25 to 33 ml/sec Using

0.32 cm™, was passed

a laser energy density of

0.6 mJ/cm?, the fluid was given a dose 0f240 Joules/cm? for each of five

sequential passes. This resulted in a total dose
the 100 minute duration of the experiment.
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of 1200 Joules/cm? over




through a silica gel colum that had been freshly

activated by heating for 2 hours at 5000C. This
woedupedisabsor bance to 0.09. These results ar ePCT/US2006/035030

sunmmari zed in Table 13 bel ow. Exanple 6 A Preparation

of exoTheldeahlinl sathply whe pecd\atied afteFirefidtioreghd fingdo
adsor bents were prepared by heating 40 m of neutral

ahaYs AR aosPraanseRfiG86-s Peating dyisdhesihougha aiticapebeolumn
! raeo iy
o PR ek e PR Sy Eios

f dbsorvascs tofBddat 198nmi Thesel reselts ard sumniariegdin Tabld 12
5 tBeI t ube seal ed and cool ed. The al um na was | oaded as

a”B8M om  ayer and the 13X sieves as an upper layer in
a_ﬁLags_gthnaLngrnphy colum in a nitrogen gl ove bag
A(fable d2 exot et rahydr odi cycl opent adi ene was obt ai ned
f e Chemrcals.—Drum
ext%ﬁ'rahxdrodi cycl opent adi ene was sucked i niabbﬁcﬂ
boDtoalirobefohe radiaarat ogr aphy col urm using a slg ght

V%guun\ stopping when the liguid level in thelcolum

drfgcRl diTy UM Banmy BReseheamele fsemtaybinderX si e {66
b DA, MU oS S S e B (Gt i ng

f neiita delwolemat et r ahydr odi cycl opent adi ene was|fed to
t hetop-—of the colum until the six fractionslshown in
Tabl e 14 bel ow had been collected. B. C eaning of
Stegy ating to 5000Cin Air Anewl
Iltgda?{ll CRSEx-il &Iohééxh'ﬁ Hoke(r) cylinder (part nunber
8HD100A)bicyotbheny! sarmplel, ebsorbibaet of OLiHcmenaseased through
15 hours..in a 500 OC air qven, The oven was shut off |
- S L Toun 213106 65 o qUBI oot g gtensity
10 26008-mJemwis §vbh RO e’ﬂéﬁf&‘@j AP
g Y [ofe]e) f%@?ﬁ%ﬁgéﬁﬁe t gftfh%cfme

the oven and alTowed to er.
csequantial passasadkisdesultedind total dOBOG! 41 Jowes/cm? over

Sf.al l_.plu were screwed into the both ends
o@"%@g’i@?‘ﬁ%g@@%ﬁ%?@@?”ﬁ\e@ sure. Once back to
room t Ehe Bicyolohexyliangb iwterecoRerdd s figadiatioh @nd found
nitrogen gl ove bag and _one of the_stainless steel
to have an absorbance of 0.27 at 193 nm. This bicyclohexyl was passed
15 through a silica gel column that had been freshly activated by heating for 2
hours at 500°C. This reduced absorbance to 0.09. These results are

summarized in Table 13 below.

ance

Table 13
Material absorbance
bicylohexyl before radiation 0.09

bicylohexyl, MIT UV193nm 5pass, sample from cylinder  [0.27

bicylohexyl, MIT UV193nm 5pass, sample from cylinder |0.09
pass silica gel column
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pl ugs renoved. The gl ove bag was evacuated and fill ed

four times with nitrogen. A 60 m sanple of
wexwioei4sahydr odi cycl opent adi ene (Exanpl e 6A abovais2006/035030

fraction #2 with absorbance = 0.157 ) was poured in

t Bra@prRNg end of the cyI i nder. The cylinder |ying on
its_side inside the gl ove ba% was twi ce rolled through

aA3BeEparation phexerdrirahyarodiey tadieset for 10

m nut e [

t hen Z%rerﬁﬂng?&é)%%ggramgpo |cyc‘?r%géﬂ{aa%?g%%m{ﬁg%¢gg%q
ouéutm%llmpm @il Bbémtebrcalsyctatalcbgrozom)w aad ORI of 13X
TraceC ean(r) vial. The absorban the fluid in the

5 vmgleauiar seves@dridhertalag 2Pa4) 3@;&?%@%‘5%

f.ﬂ”g‘éh wb@e ﬁuor o@gfﬁér&%%&h@agﬁéﬁ\%n r%&qltemgen’
r anid thenty bleusdziled) a(loaobledurﬂﬁm“ almmm@maoam as k&l hottbm

st hngl o t hat t t he Vi I
SBURTARC 6 1R ssliesar.on Epps ey s a}é%ﬁ%%r%v
T ﬁw@ﬁﬁr@géﬁ‘éﬂ%@l badICA dréRosfe@l " OD X 3/ 16"
virgin T tubing” (M5C | ndustrial Supply), and

10 ftaﬁr@lhwgerCb@ydoner@wenem aitaingd fmsn DixieGharoishlsg Rrum

Va i einp e R R R e S e

cyhrionttogaphyroolurad u@ﬂ‘? @sﬁ@ft@@cuunﬁstddyr@@he%l@é ligdid
10 mnute intervals and then all owed to_sit overnight.

Tievehigdhe gotumm graw seaii even Mithdhmier obthe 13X sieve

ﬁgﬁ%lﬁg;.a'?}ﬁ? g.\rﬁl‘o{ QP ﬁﬁﬁ %ﬂP\ﬁ/BB t&‘% Y WE%@IYH ighft fMHehe

er via uor opo yner va
15 Ab|$mgbargt®/e/\1asg 0The Hgxt méxmnglfes'ﬁ diumeexast ai nl ess

anutiptioiloshtadien vk et A4 fap o e poblre® LnblAB 3k

pfré&ﬁ:ﬁ&eérﬁ)vﬂﬁﬁ?ébléqm BloRMdaShdeh Solidefed.ai r oven.
After the oven and its contents had cool ed to room

tenperature, THgL|dW4P UJS Were screwed 1nto the ends
o Fraction | Volume absorbance

1 30 ml 0.122

2 80 ml 0.157

3 80 ml 0.186

4 80 ml 0.345

5 80 ml 0.629

6 90 ml 0.595

B. Cleaning of Stainless Steel by Heating to 500°C in Air

20 A new 1 liter stainless steel Hoke® cylinder (part number 8HD1000)
and two stainless steel plugs were heated for 15 hours in a 500 °C air
oven. The oven was shut off and the cylinder and plugs allowed 1o cool to
about 200°C. The hot cylinder and plugs were removed from the oven and
allowed to cool further. Once the cylinder was back down to about 100°C,
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the cylinder with finger pressure. The cylinder was
transferred to a nitrogen gl ove bag and the end plugs

woeomnoetis3 The gl ove bag wasevacuated and fil | eBCT@82006/035030
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times with nitrogen. One end plug was screwed back
| e \Gaf¥éds$iBEl Bilgs Wees s6wed ilo the both ends of the

exo-tetrahydrodi cycl opent adi ene (absorbance of 0.213

poylinder withtfinges peesseinel. Onige bagkita depmitempsraitiesitite eylinder

chespdrRieed fue Brtehiin e fing Aoy Uhefor g séiRless st
aprigseembielll Mideaflové Beg Bascsvazubtatbhnd@Alsd folr timeAbmitt
20 m of exo-tetrahydrodi cycl opent adi ene were poured

olifrogeNt he cyl i nder through the unplugged end. This

t ot : :
oSt ot R PRE A SRR s B o gl
aablovd) drazyibhritbewith ebsobance = GiM8e ) was peugddinghbagpehand

the next five_days, At the end qf thi eriood the plu
wa theeqvﬁmear-fTww &5 hANG PSS N iheglave hagas -
20, e [ [ i

¢ o rofeEfolth BIPOSIEINAE T ARREH SR RS 10 minutes.
abbechbmber wés QiveaZnokixenisiOd rall Pnd piaera0 onl affexo-

o Hr RS DA BR R e oagimo
al/ PR Maa AR Bh@adl CRls assdrbhAce BRERAui@ntithelvial wad
13X nol ecul ar sieves (A drich catal og 208647) for 2

hedris)at 5000C under an air flowin a tube. The air

£ | e . .
thet b2 EhaRBa8 workh e nireBRA R bad) o bhpAEhd Gife
acjplﬁtde(bl mdl{e&lmentf'mﬂ@d Wiﬂeaﬂaléfrcqjom sr valverna Ul’fafbm(?lmgleg in
a gl ass chramat ogra c in a ni n gl ove bag.
Eiigﬂucci’ig aﬁwnaépgry'aﬂsﬁaﬁ&a@@n@-ﬂ&(%mﬁuglggﬁt%msact i oﬂ

# = a4 ; . g 1/
TP RRISERR Tl 8 chnile UB S i .
v auhingrwast attguhed finste therha sevenal ihchdemgthial Y4 M@Doe Bt D

O N BT S PG e e 3 o oner ond

OW%efHd PBfion® tubing a Teflon® PFA ball valve (part number, PFA-4354
Ball Valve 9909H, Penn Fluid Systems Technologies). The cylinder was
rolled again three times through 360° at 10 minute intervals and then
allowed to sit overnight. The next morning a second 20 ml sample of exo-
tetrahydrodicyclopentadiene was withdrawn from the Hoke® cylinder via
the fluoropolymer valve. Absorbance was 0.173).

Example 7
A new stainless steel Hoke® cylinder (part number 8HD1000) with

open 2" female pipe thread ends and two stainless steel plugs were
heated for 10 hours in a 350° air oven. After the oven and its contents had
cooled to room temperature, the two plugs were screwed into the ends of
the cylinder with finger pressure. The cylinder was transferred to a

nitrogen glove bag and the end plugs removed. The glove bag was
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woOheaot/061438t i on #5, Fracti on #6,

in the nitrogen gl ove bag. The next norning the colum
was fed first wwth Fraction #4 from Exanpl e 5A above,

exo-tetrahydrodi cycl opent adi ene as needed to col |l ect
FearLiate akd fillbd folgttinddwith nithayen. | Onda&ldepld§ werl sveed

h t hy col umm ared Fractlon #10
Bk InERE B BB exBdrkaniroisyABRentadions

TR AL TS 1) oS AR TR oo
eflat-areits aildyzdn dlaks gmbmgmn@%a%rdﬂem_?sd Ifd:ro11 Gé mkl)htlﬂes

. [ 18 e el ow.
GEH ARt ot SORMEY s TR teP1a1@piven aufeel 360°
N d] b duit 2633 Mflexo- t@ﬂa%?érd%ﬁldﬁéﬁéﬁ@ﬁ@new ﬁ%kfb???ut of

with acetone, dried, and reassenbl ed
sthei aviader threugh thel unnleggechand. #ralsmmm was fitted

e apbtBeRglontBiaifort B haM et o FRbn g Adhnac

v;auwms JdrewewlihtodBe cyBsdéraftieas)inasr el dreits ¥kin tﬁ’&
sig of 25% fluorine in nitrogen and then vented back

o&ﬂmﬁe Pagdsotie nexidivg days28ddhe and iohthis peried thryplig was
re
eafyeet fbide c5f g R icT nB TR STBR S A IC oA
cmia"ahadirfodiuymopﬂntédlamda re;geveoga’fha@do;seal eg tmder
' Th i transferre 0 a
E‘ileir%gggrr?’d ?%{Pé’e@%ﬁgﬂégo\?{r %b%t’%réc%fs 0.483cr ewed and
60 m of exo-tetrahydrodicycl opentadi-ene poured in the
cé@@lﬁ’@@of the cyI i nder. This starting

- adl bsorbance = 0.1 14
elx'%ﬁi)g}éneed e va Hgd&trlcg%h%%m&gg%%d the cylinder
| ai d drreshly antNatedadstmbghtswerbamepé'ﬁeel tfg?/lh%a’tﬁ@”%l]vﬁrﬁ of
rol |l ed anot her

s titing VB Barhedighis caeion §2hRy ped 40 meal 1356,
qho@egtaetsﬁmmuh&w@t%grﬂo@@u??%r\ﬁeﬁ&rgQﬁ%oéﬁémdeyén

via the needl e val ve and™found to have absorbance o
crin lawp eube ekipe air flomt wias stappedothet sie replaced with nitrogen,

Séarmjiheé‘ fube sealed and cooled. The alumina was loaded as a bottom

~ layer and the 13X sieves as an upper layer in a glass chromatography

column in a nitrogen glove bag. Exo-tetrahydrodicyclopentadiene
(Example 5A, fraction #3, absorbance = 0.186 at 193 nm) was sucked into
the bottom of the chromatography column using a slight vacuum, stopping
when the liquid level in the column drew roughly even with the top of the
13X sieve packing. The column was then allowed to stand wet overnight
in the nitrogen glove bag. The next morning the column was fed first with
Fraction #4 from Example 5A above, then Fraction #5, Fraction #6, and
finally fresh drum exo-tetrahydrodicyclopentadiene as needed to collect
Fractions #7 through #12 as shown in Table 15 below.
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The cylinder was taken out of the glove bag and |eft

flat on the | ab bench for the next 18 days. The
woybi7ndersswas rol |l ed 360°, returned to the nitPOGEIS2006/035030

gl ove bag, several mlliliters of the

exot et rahydr odi cycl opent adi ene were run out of the

cyl i nder and ; pl e taken
out through tmé’am%aﬁe val ve. This sanple had

10

15

absor bance of
absor ption ouf

- ere

Eraction"FVolume: |

| ABRofBancE]

ease in
ative to

the starting eyotetrahygdoaqi cycl

About 80 m of

stainless steel _d

bperdgadi ene.

stillation

Exanple 9
col umm

packing (Helip&k (r)30 E@,O Mplodbi e

AR nc, Ct

n

i cago,

[11.) were he:

air. The air f

rtoed—for 83
[Fow was r1eéepl

llbaT

ced b

J 65@‘[{: trrctet

Y hitrogen §

a flow of
ind t he

packi ng cool ed100Once cogbenl,

t he

into a gl ass ¢chronat ography colu

PAGY Ng Was

m_in a nitiy

5 | oaded
ogen gl ove

bag. 80 ml of | ot et r ah§PBrBldi cyc| B4t adi ené (
absorbance = (7894 wa doed—torthestop—of{t he col um
and al | owed t()1?un t hr bangnti I Plé(?g’l d just started
to issue fromthe bottom Flow was stopped and the
colum allowed to sit overnight. The next norning flow

was re dyog@iearapby frlummees frepaiee RiartliatE iR was

t I 0 i '
{ Rk e EYNA crthe cBLihASTIS ARCIpading e edlifip s frst
cteduwemaihingeaclidrofi G ghealdiid, twen #1it, sewdafimalllg,fresh/EOm

m" enote the first 30 ml fraction coll egcted” were
st Bt ehesithdinas st esler oo o aeon il Se
agfbldtoRas a8GhalvrSAMRILES 16fhelow. _

exo-tetrahdryodi cycl opent adi ene, having A/cm val ues of
0.1 1, 0.147, ergg J1645; were toaded—tothejtop of the
col um as needle {o maintain flow. Results are

summari zed i n| Fadttbord 7| Volume Fr pabsbilsaricdble it can

be seen that exo-tetrahydrodicyclopentadieng passed
through the s{aPnl ess 588 pack|Ad0&i d not | show any

i ncrease in Baki 1 for .8 hours

] arntessSteet
at 35Q0C in air thus af?%?hs a stﬁg‘lfr?hess st eel

surf ace

t hat does not | ¢6nt am nage mi 0.094
exot et r ahydr odi-cycl opept adiene
16 80 mi 0.147
17 80 mi 0.148
18 90 ml 0.488

Cleaning process

New Hoke® ball (#7115F4Y) and needle (#3732M41) valves were
disassembled, rinsed with acetone, dried, and reassembled. A new
Hoke® stainless steel cylinder (part #8HD1000) was fitted with the ball
valve at one end and the needle valve at the other end using Teflon™ tape

when screwing in the valves. The cylinder was evacuated and filled with
~40 psig of 25% fluorine in nitrogen and then vented back down to about 5
psig of 25% fluorine in nitrogen. After sitting for 24 hours at ambient
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with 193 nm chronophores. Exanple 10 Process Equi pnent
Cl eaning and Fluid Punping After assenbly of a fluid

woaonfldeg3 syst em as descri bed in Exanpl es 11 thcowg06/035030

15, the tubing lines, valves, and fittings were

eﬁ@f@dt@éf\/ﬂﬂﬁh@@py\gw Hzmrmeajyhhdétbwds bithh Buter VWA
netically driven gear punp with 316 stainless

sh@l‘éﬁ%\rn\mﬂ'r@ftrqgemﬁﬁ& @@d 93@@ Ungsr MEFRYeREA r avvn from
a cl ea’ﬁh%cgw é?‘?/\?é%e{r et ﬁgg*ﬂ%?yﬂﬁgggéngmga e?ﬁeedle

system RS Cont emva
evelve evasl Unsereasd vwad eﬁmsmmetmrﬁdnidmynjlommad@he

solvent, then left t system a returned to the

b@%‘%’@g '”il’l“? OP%ﬂﬁBFjé{}gh‘F %W@%Uﬁg‘ﬂ%@a NI PO-syst em wer e
,goqg, ubj Th

sol v'ie"xlji st aﬁ?dl@ﬂé@é?%ﬁg&@%%%a ts)gggty ?—al{{? ﬁ%}dle

reatoe sasreptibched dod thd eylinden lditientitssideg irf thengleyes bag

B8 Gty Y BEEG Aa0Er BEah R iR B e BRobeg deb®

! gﬁd le%nttfbreawahéesfo nHiteR9 ABBLE 10! MPHF exgach val ve was
numerous tines to ensure no grease Wwas trapped

ook aRg iadiene pre ol GranTyonea dhnce dgen and

d
DoRE (BTN DR O TRTC MR Tn R el
f staetiigysanptedi hydr oper f | uor opent ane. Each f| ulsh _
d of 5 600rL of sol t b rcul ated in
fﬁQSgstﬁ%;e}?m@vgﬁsﬂ@kﬁa%u@ﬁv&&awS%B%yéheﬁﬁeamr@em
iFiRr 4 heROfEquAe REE it Waq Rled (B0 ToRIiel 10 fife
elaltrbgenlglmmbag;sseaefalmralllmermsétm\ekd-est of the system

stRP RS niaeaS ee AT ofL R Gt Gisterds,
Sé’rhd’ﬂférﬁa e ddHsleadkéMbatdio 155}2&@ A vaivbn%@eélmp:e

the normally wetted parts) ce-Clean (r)
ohad phserbance cAf. w@soﬁ\gﬂm éimer@fwas BO digrease m absorphon

outside of experimental error relative to the starting exo-

tetrahydrodicyclopentadiene.

Example 9
About 80 ml of stainless steel distillation column packing (Helipak

®3013, Podbielnak Inc, Chicago, {il.) were heated for 8 hours at 350°C
under a flow of air. The air flow was replaced by nitrogen and the packing
cooled. Once cooled, the packing was loaded into a glass
chromatography column in a nitrogen glove bag. 80 m! of exo-
tetrahydrodicyclopentadiene ( absorbance = 0.094) was added to the top
of the column and allowed to run through until liquid just started to issue
from the bottom. Flow was stopped and the column allowed to sit
overnight. The next morning flow was resumed as seven 30 mi fractions
were collected that had A/cm values ranging from 0.113 t0 0.103. As
these seven 30 ml fractions (indicated in the second column of the
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was attached to the suction side of the gear punp and
kept under a nitrogen bl anket. The punp was used to

wdnewvoeuss3of the supply bottle and push the fl BCTUS2006/035030

through the normally wetted parts of the systeminto

t ffllo ble 2§ SoFbRaRpkOt4 8oml” EaeBnbiel thedirded0 fil Fragfon
with 50-75nL of fl ui d, and each returned an absorbance

ofoltectas’owpes baingsseliested flamAe bploreeithe €ohiaRrdhece
RN BBl P AR R PR oS, A v

neslbes of Bett, et 4 asidl 0.¢48 (Wéreﬂ@@da@ﬁntm top cfahe poluesn) as
was packed into a 1507 304SS Hoke(r) .cylinder_t hat
§e‘?ﬁ%%@@'ﬂ§§'ﬁrfb)"‘f hBefuih Bt sevriarised it daplee!? belodess

SFRTRTRS tablo e o 3860 T4 AR rodRy R EeRtadiEhs e
spassddekkmo@(jreﬂﬂe étainl&ss , stSelquakaig dif nmahbw%}y-‘mmaﬁsﬁ,in
Rl BRETGL hERT steetions hois s0ap i aigtGus Sl

7&%3@%%@@?%@56@1%@?90&9 nét b&Waﬁﬁﬁatb%‘%oat ion of the

activated bed and protection fromair while renoved

f tedrahyHeodicyalopentadigne yéthetR3 mmechybmophowess act i vat ed
in_a tube furnace at a bed tenperature of 500-51 5C
TheTdblertice t enperature was typicall y 100 1 50C

h| ahaer dapnandina on nne ‘Fl O ¥ at o ha Aaac

oL P LERRF oot Foik SHa  he. { EFartions GalleCd (SRVASLRLS:
Pr oG ro&icy‘i:ik?p@r%diénez ?é’ﬁ*éﬁ dn‘&ﬁc gagnmenﬁs
switched to nrtrogen. N trogen sf 0 or 10-15
i (rsareples: fedetepsiliga nadunmas dp fractionsf collented wit theusitica

of began. Once,the system ow
T0isteR B PR LT o of i | SOILBRIRIBHTT e BrAGEL " o
prlevent air exposure of thécaqbbtéﬂ ed silica. It was
th}eﬁ moved to a nitrogen diybox where the silica could

bel th&hat @bﬁ@r@anoeﬁﬂﬁmp ®hae i ahisebanne €0k, the
oo B EREE 2 051 1 of 2 D A P 3 CBhour o,
A | 3/ 80 ml absorbance = 0.147 3/ 30 ml absorbance = 0.098

4/ 80 ml absorbance = 0.148 4/ 30 ml absorbance = 0.082

5/ 80 ml absorbance = 0.095

6/ 80 ml absorbance = 0.078

7/ 30 ml absorbance = 0.103

Example 10
Process Equipment Cleaning and Fluid Pumping

After assembly of a fiuid handling system as described in Examples
11 through 15, the tubing lines, valves, and fittings were cleaned before
use with immersion liquid.

The pump was a magnetically driven gear pump with 316 stainless
steel and Teflon wetted parts. Solvent was drawn from a clean glass
beaker through the pump and into the system. Flow was controlled by the
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wobkaiTkess st eel

supply of imersion liquid with an abs/cmof 1.45 was
drawn out of nitrogen purged trace clean bottles by a

punp. The punp, Tuthill(r) Mdel BMW862MCX, then

PSARGH Vidhad folkribudd vl afsad Werd@AshEe withrddchaddivent. The
mounted ARP. The effluent fromthe ARP travel ed

t $plvenfrhan lefhihengystemanscietwned de the baaken (Alktesrparapan

i Fuseprthd Set R LORTRI R el pebiiiE ino.
ot i csThd fiestfsolietit Wasrstamdard etetoreefromfa safetypean This
purged trace_ clean bottles, These bottles were used to

t Haeeoast el dustdeft inike tubilg TEerI Systesn corsiréction. Jhexis

t . Y2

| REGERP U opthhE WRRRRIERIBNRAR off Grelbeslibritalifd that
f nighd .haSarpen 12ftwashefvailesi M urivay this ﬁwﬁ,eﬂachhfemag\ha‘s ge

it hout ,.the ARP installed. Sa es 3.through.
SETSTeBRS 1DB5 16 POSHE 16 GroAResvan Bagaed i thedwiating
) P LS

ety Fi8 i Eptana! reaBRla R dickafh Wik LiBliaRars
sienmeve any remaimingsheitisoe Bndgreagair Thiseras faleweddy

B BB P BBy e SRR oo o
t 50@-600he. dfesbivert bekngtirdulated ib fite apsioximatehstli aximum
actively cleaning. The data generated by the

i PARGCAY Syetans ioibAR nainutes: AWERIERWasusad g dry the system
I for
oSt lofiten e WA It B Bne Rl e
Resluemt. Syst em wi th Punp and Nitrogen Sparger A supply
and refurn.system e oped that_recycles . . |
mer S 7 A HNaE PBE teSePtine RSl Eo SR TR SO
ewagwhepémm%apv%m t6é ﬁéﬁﬁarge wanea gtaﬂsw"tﬁég eRall

at onosphere. e upplg and urn Systemutilizes a
S

nbthes gelveptseasier flusheddargugh theininagen lirnesdang Sreseomadly

e A ARS8 o 4 B AR Bt oo

Fivais iagtathéd to thePsstionsided efthél GeHrPptngd ahd RepyshddNa
nitrogen blanket. The pump was used to draw out of the supply bottle and
push the fluid through the normally wetted parts of the system into two
250mL Trace-Clean bottles. Each bottle was filled with 50-75mL of fluid,
and each returned an absorbance of 0.78-0.79/cm.

Example 11
Active Recycle Package Construction and Inline Absorbance Analysis

An Active Recycle Package (ARP) was created by the following
method. Activated silica (28-200 mesh with 40A pores) was packed into a
150mL 304SS Hoke® cylinder that was cleaned using the method
described in the “Process Equipment Cleaning and Fluid Pumping”
example. To the end of each cylinder, a 15 micron pore size inline
stainless steel filter, Swagelok® Model SS-FAW5-15, was attached to
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fl i ded
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| uid handl i ng system was

i nder C eaning System A
C‘\éwedawe pgigredie Iﬂgnaﬁﬁm@ tgrnad effipad crpbdein begger
ag&g%!%%@g&gﬁ%&?ﬁb@gﬁagehﬁsﬂﬁky W BRA0 OGBS with
bvaiws tehereyknt Jih expcyatre rof ithes actheted edicae ﬂﬁ@@ﬁ’fén&ng\éed to
to store the clean
7% DRipastinor el 14 i eRU8 de g ipar Ao SRR  as
that |On&¥ ) Ghd toseldinkieyifler MSS1WRaLAR SRRF Hid/dhBex

as shown in Fi gure , € repl ace
eXpbiiint apumpng SYﬁtem:ﬂmaai@@awremmmba liquld exterssire.Naw

SRR PP b BafE LA L 1B Sttty
atitrogen parysd Padclsad otiey by atlshanksyisthd %ﬂ@rﬂ%‘ﬂoﬁwhe
desi red absorbance properties. The two recycle

pRegagically dsiven gear prap. nT fgpampe Tuthill®@Mage! swi t chi ng
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mounted ARP. The effluent from the ARP traveled through an inline UV
spectrometer flow cell from Ocean Optics. The attached spectrometer
was Model USB2000 and the light source was a Mini-D2T, both from
Ocean Optics. The fluid then entered a set of nitrogen purged trace clean
bottles. These bottles were used to take cuts of the effluent for analysis.
Table 18 shows the results of the absorption analysis of 193.4 nm
light for each cut. The first sample is of the supply fluid. Sample 2 was of
fluid that traveled through the system without the ARP installed. Samples
3 through 6 were cuts of the effluent that was passed through the ARP.
The data shows that a non-optimized initial pass of immersion fiquid
through a packed bed of activated silica will remove absorbing impurities
from the system. The effectiveness of the bed decreases with the volume
of fluid passed through it, but after 4 times the bed volume of fluid the

system is still actively cleaning. The data generated by the inline
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The gear pump, materials of construction, and valve types are of
similar design to those in Example 11. In addition to the elements shown
in Figure 1, a nitrogen sparging unit was added to the storage cylinder for
removal of dissolved oxygen. The storage cylinder then acted as a settling
tank to allow for degassing of the fluid.

Bicyclohexyl of absorbance 0.146 cm™ was added to the newly
constructed system and circulated without the presence of an active
recycle package. After circulation in the system, the fluid absorbance
increased to 0.172 cm™. An active recycle package constructed as
described in Example 11 was then valved in to clean the system. The
resulting fluid absorbance was 0.105 cm™. During the period of circulation

and active recycle use, the sparger was operating to remove any residual
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t he acBicyelbhexisvith an initisl gisokisshdedohighls®R 3824 88s been
loaded into the system and cleaned to an average absorbance less than
0.10 cm™. Typical fluid absorbance after installation of a new active
recycle package is less than 0.60 cm™ and as low as 0.041 cm™.

Comparative Example A

A system similar to that illustrated in Figure 1, with the addition of
nitrogen sparger at the outlet of the 1 liter 304SS storage cylinder reservoir
and without an ARP in the flow path of the fluid, was employed to expose
bicyclohexyl to 193nm UV light in air. The reservoir was nitrogen flushed.
The system was cleaned as described supra.

The system was filled with 500mL of bicyclohexy! with an abs/cm of
0.109. A gap of 2mm resided between the bottom of the 2" x %" fused
silica window and the polytetrafluoroethylene topcoat covered silicon
wafer. No photoresist was present on the silicon wafer. Bicyclohexyl
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Comparative Example A shows that with the use of a fluid handling system
wherein the fluid is exposed to laser irradiation, but without the use of an
ARP, optical absorbance increases at a higher rate than in the methods of
the present invention, wherein a reduced rate of increase in optical

absorbance is observed.

Example 14
Upon the completion of the 306 J exposure in Comparative

Example A, valves were adjusted so that the flow was directed from the
pump to the adsorbent bed and filters (ARP) illustrated in Figure 2 with
interruption neither in flow nor in laser exposure. However, inline
spectrophotometers were not installed.
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before at total of 593J of exposure to 193nm light in air.

Example 15

The apparatus depicted in Figure 3 was employed for performing
contact photolithography, comprising a 193 nm Optex® Pro ArF excimer
laser (Coherent Inc., Santa Clara, CA), a model D200 Scientech (Boulder,
Colorado) optical power meter, the fluid supply and return system depicted
in Figure 2, including the annular fluid supply apparatus depicted in Figure
4, that comprised a 50mm diameter x 10mm thick uv-grade fused silica
lens mounted on a 24” (61 cm) x 18” (46 cm) optical table (Newport Corp.,
Irvine CA). The optical apparatus was positioned in a nitrogen flushed
Nexus® nitrogen Dry Box (VAC Industries, Hawthorne CA) equipped with
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Sample Preparation

Single crystal silicon wafers, (Wafernet, Inc., San Jose CA,) 100mm
diameter x 0 5mm thick, polished on one side and having a natural oxide
layer, approximately 2 nm thick, were coated in a YES-3™ Vapor-Prime
Oven (Yield Engineering Company, San Jose CA), with a layer of
hexamethyldisilizane (HMDS) (Arch Chem. Ind, Norwalk, CT) used as an
adhesion promoter for the photoresist.

The wafer was spin-coated with a photoresist polymer using a CEE
Model 100CB Spinner/Hotplate, (Brewer Science Inc., Derby England).
The photoresist was a terpolymer of 1) tetrafluoroethylene (TFE), 2) a
norbornene fluoroalcohol (NBFOH), and 3) t-butyl acrylate (t-BAc) as
represented by the structure
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Dhase agditive s phayveiaht pereant igby weight of the dgiah l@@lgdlng the
weight of the spinning solvent. Details of the resist formulation and
processing are disclosed in M. K. Crawford et al., “Single Layer
Fluoropolymer Resists for 157 nm Photolithography at 157 nm exposure
wavelength”, Advances in Resist Technology and Processing XVIll, SPIE
Vol. 5039, (2003), and also A. E. Feiring et al., op. cit.

Approximately 1 ml of the photoresist solution so prepared was
dispensed through a 0.2 micrometer polytetrafluoroethylene syringe filter
onto the HMDS vapor primed coated wafer and the wafer was spun-
coated at 2500 rpm for 60 seconds in air and then a post apply bake
(PAB) of the resist was done at 150°C for 60 seconds The photoresist
films were visually inspected and the thickness of each film measured
using a Filmetrics film thickness instrument (Filmetrics Inc., San Diego
CA).
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repea ed Xanpl'e excépt t hat Mer si on
I4|, qumﬂomm oﬁémbherpgepanred@hcwhwawo'ﬁm b@adbé;exﬂrﬂﬂw the

3005 Db B AR L Ml B8 e piscus
ftt‘ié"tm&fhé Reuid E{Vb@earbgrsugfacé tbASIBA. onto t he

phot or esi st , foun 3.6 ml/c The eis
shown Saqusn@alr@p@sqmws effpatediey @hwﬁlfﬁﬁliyéranﬁlatm the

SRAEL B ecUREh L B Py MR LGB EP R ity o s o
ndurited oarths eptealttabke mbmw pregidirg & egriesof r;rﬁmmrsgnps of
I?r%rre];mgfg d%gtagr;g Afﬁ%?gipgéfre%ﬁg %lcyclo%%?(gle(\ivtasspﬂrgped off
through the fluid return side back into the reservoir, then the contact
masks were removed. The exposed wafer was then transferred out of the
VAC Dry Box and post-exposure baked at 135°C for 60 seconds in air on
the CEE Model 100CB Hotplate. The Top Coat was then removed by spin
cleaning the wafer, on the CEE Model 100CB spinner, by dispensing
approximately 1 milliliter FC-75 solvent over the top surface of the wafer,
then spinning the wafer at 2500 rpm for 60 seconds in air. Then the
exposed photoresist was developed using Shipley LDD-26W Developer
(Shipley Company, L.L.C., Marlborough MA), by immersion in the
developer for 60 seconds at room temperature, in air. Next the sample
was immersed in deionized (D.l.) water for 10 to 15 seconds, removed
from the water bath, rinsed with a D.I. water spray and blown dry with
nitrogen gas.

The dried samples were visually and microscopically inspected to

determine the contact print dose, E1 Dry, which refers to the minimum
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segnents; a punp disposed to cause a fluid to flow
through said tubes to and from said segnents; a neans

woaoo7ei4sseri ng and renoving a fluid to and frearaa2m@e/035030

phot o-i magi ng segnent; and a |iquid al kane cont ai ned

vexpoisuré ke efpp@ioaired ,fowh%rg@ formbtibh e e dbsepicetlahy of
t he hot0|rm|gg segnent thereof said liquid al kane

hiamgrsigmiayidanee the CQ@QC?WFGquS@§1 Wf%thb'ChUef,Qfﬁ to the
f
d@é&ﬁgjena?%%}j g%n% %ﬁ@déme hfépgﬁégér aqcrus olﬁ% ﬁ;ejs_ence of

farg\\lmnnunamomhqlgda degassi ng segnent. 4. The
apparatus of Claim1l wherein said filtration segnent

| ERam@ywsAream from sai d adsorbent segnent. 5. The
apparatus of Caim1l further conprisi (g an in-line
2

ul t r avil B¢ @hotqsesist @uﬁbp@m@ as glesqtirechpbavrawas 260 nm
e O BREIPedi Sl eMbE cBatENAith 8 1350A R idJoRBRA e

group con
cabd)\ﬂ'h e'DhamEpco@y sbmooh a\ms prépassteby combining 4.1 wt-% Teflon®

CREREIP TR AMNER 2h BC75 . Toe tapeontyavarmasm2od nenibick
r ?ﬁ%’Wéf@r w%é%éﬁ "c@{?éﬁ%ﬁoﬁé &% §El‘?{5€‘d1§ﬁ$'ae\ﬁlﬂ\ the 2mm thick layer

bi cycl ohexyl, 2-ef hyl'norborna
neblmcyd:loly@kyb hes aampsdd)tttetfmwB het laadeligite, lnrtb»sartfseat’rm

RSB S G G 6 o SSB0RGRy, 1 Sitislicy

NEXBAHLRS deé re@hired’to di esn;aﬁaﬁéf@tr Hfe wENFbapﬁérGgﬁmﬁ@g@

the liquid alkane is selected fromthe group
c@ﬁf@l toeinhgtaresist wesHoundia b@ ;2 guiemhyhednege s stova in
Eﬁ glbutane 2, 2-di et hyl but ane, decane, dodecane,
adecane, hexadecane cycl ohexane, cycl ohept ane,

cycl ooct , 2-ethyl norbornane, oct ahydr oi ndane,
bﬁé%@@g%@@ , decahydronapht hal ene,
exot et TREWHFethepatfRPURAbRRedurNSf FXarhplesA ageof .

repeated in this example except that the immersion liquid was flowing

through the showerhead assembly at 30 milliliters per minute during the
exposure. E1 Wet-flowing, the exposure dose required to clearly transfer
the TEM Copper grid image onto the photoresist, was found to be 3.6
mJ/cm? . The image is shown in Figure 6.
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wdeacaEigdsenapt hal ene,

8. The apparatus of Claim 7 wherein the |iquid al kane
is selected fromthe group consisting of bicyclohexyl,

and m xtures thereof. 9. The apparatus of Caim1l
wherei n the absorbance atCUABABmM of said Iiquid al kane
Is <0.22 ¢m,1 . 10. The apparatus of Caim1l wherein
Waatave glaariee at 193 nmof said Iiquid al kane is

<0. 154cm t M i
1S M, aéopga;r?tggb@g?@gg{n@ disledh cldstbiNbophaidetdh

adsor bent i the group consisting of 3A
systeoutempsisiages) adisbrhentezsagnaents iscfiltration Aegmiest; ua @hoto-

TS ERiacbier MG ol BB R B B B
\%%gf}ie!ﬁﬁé;' Q'bﬁrﬁcfis‘ﬁi%gééed fPcalddea AnRaLFoW tHRbugh shid tlBes to

ein the adsorbent is activated. 13. The apparat us
ehddramsaid segments; eh@eads éomdslivesag geatremoving a fluid to

h hi.c .cal '

SR BB Ba et tent M B PQUR ARl oohliniEe?
Q\ﬁ@?ﬁﬁﬁ appdratub) whapgiarativs point Gf ahtry bf teepiedto-itiaging
Soame Tafonf o8 3050 2ane a0 Sk SHREA fou T o s

Qﬁ{“ 8I_4'0t graphi c system conpri ses an opti cal
i ITum natioh systemconprising an optical elenment, a

phot or St‘i‘g %’R‘j)azgt;h%aogglgiﬁr?C?EIfﬁqerIéer;?riéiHEged@ozﬁ?eréaténgp

i1l umma ircal T1Tumnafion”syst
epweait. t he optical el enent and the photoresistive
surface, and said liquid al kane di sposed to fill the

gap beg wage dfparanikicfdlaiRh & TeRhertdsmpadifg a degassing
phot oresi stive surface. 17. The apparatus of C aim 16
wegmam. the optical illumnation system conprises a
193 nmlight source.18. The apparatus of C aim 16
wher eis {The agnaratals dfiGlaim Aavherainssaid diraliommagseentdies

IL%:lol\Jf&n"’}sl'crleta¥’n Prf:mo atlia %%Iso%e%ﬁ%%ent.
5. The apparatus of Claim 1 further comprising an in-line

ultraviolet spectrophotometer.

6. The apparatus of Claim1 wherein the liquid alkane is selected
from the group consisting of cyclopentane, cyclohexane, cycloheptane,
cyclooctane, decane, decahydronaphthalene racemate, cis-
decahydronaphthalene, trans- decahydronaphthalene racemate, exo-
tetrahydrodicyclopentadiene, 1,1’-bicyclohexyl, 2-ethylnorbornane, n-octyl-
cyclohexane, dodecane, tetradecane, hexadecane, 2-methyl-pentane, 3-
methyl pentane, 2,2-dimethyl butane, 2,3-dimethyl butane,
octahydroindene, and mixtures thereof.

7. The apparatus of Claim 6 wherein the liquid alkane is selected
from the group consisting of 2-methylpentane, 3-methylpentane, 2,3~
dimethylbutane, 2,2-dimethylbutane, decane, dodecane, tetradecane,
hexadecane, cyclohexane, cycloheptane, cyclooctane, 2-ethylnorbornane,
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19. The apparatus of Claim1 wherein the photo-imaging
segnment conprises an optical stepper. 20. A nethod for

woeod7mensag | i qui d i mrersi on photolithography PCT/US2006/035030

conprising: providing a clean closed |oop fluid

t octabpdnoindane!, bioyclohexyls deca ey rowkssh thal@he§éwet tnL, a
filtration segnent, a photo-imagi ng segnent, tubes
dﬁegrabgg@%ycgg}mm%i E@Pds'@@ﬁ%rr?%stge'é?%unp di sposed to
cause a fluid to flow wthin the_s¥st¢m. a means for
del i ve$i nfhABPREHS PHglaimfl wherain thaliguid eliese ig selected

' [ ] v I RUI g
S ok CoRSHE ! bRRoRe T el e dlPhe -
hiertrahydadigicopentadienatantOdixtimesfthefbof0 cnt' 1 to be
i ntroduced into the photo-inmgi ng segnent; disposing

the |iguiThabfpaetketMeRiMa Whefkin §RUA6SOrBARCR a8 163 RRfor

under.goj ng i nagewi se il]um nation by the |ight source;
c3aid lifgidia{kane ur@23ickEne to flow fromthe
phot o-i magi ng segnent to the adsorbent segnent through

t he tubdsthegppanatuy of @Iatmﬁgwhalteiimhﬂﬂelt aissdrgqmlcregaa19(ﬂnm of
by.: i f the |iquid al kane;
c%aﬁgﬁé@:d%kﬁﬁe:%{%ﬂﬁ%ﬁﬁﬁgner\c/)\n'mth an adsorbentiq t he
liquid alk f [ tactin avin
an absbf bHHbAPEAraRSCAgH RheiBndns BosomRM LetiupHgl
tiemans gisiiedondistitiford K Afledlaf Sigved | 5 A
. 1. e nmetho

segnent to said_photo-inaging segment’. . _ -
JholecHlansiayeshds&imolsailar siexeas, silisa, meutyahaluabisar besic

C [ ‘ ., 22. . The. net hod of
i S
53 encl AT Sl e oy TSl S

13. The apparatus of Claim 1 wherein the adsorbent segment is a
chromatographic column.

14. The apparatus of Claim 2 wherein the deoxygenation segment
is @ membrane degasser.

15. The apparatus of Claim 1 wherein the photo-imaging segment
is a photolithographic system.

16. The apparatus of Claim 15 wherein the photolithographic
system comprises an optical illumination system comprising an optical
element, a photoresistive surface disposed to be imagewise illuminated by
said optical illumination system, a gap between the optical element and
the photoresistive surface, and said liquid alkane disposed to fill the gap

between the optical element and said photoresistive surface.

17. The apparatus of Claim 16 wherein the optical illumination
system comprises a 193 nm light source.
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downstream from sai d adsorbent segnent. 24. The net hod
Claim20 wherein said fluid transport system further

woaogricsss an i n-line ultraviol et spectrophot oreTAIS2006/035030

25. The nethod of Caim?20 wherein in said fluid
t r ans pi8.tTiey spearatuseofl Claim d 6alkere the esticat liachihation

the group consisting of cyclopentane, cycl ohexane,
SystA &@FM@,GS@@W&%EY QE@P“Q?Z@E%? ts.
decahydr onapht hal ene racenate, cis-

decahytf-oHpappripiiseof Claind-whersinihe pheiptmegingeegment
5 di cycl t adi ene,

R, Skl Sy Vor bor nane,

nexad Ak R Faer T AR Buid RSB s el faooraphy

Zeomphigieghy! butane, 2, 3-dinethyl butane,

oct ahydr 0i ndene, and m xtures thereof. 26. The nethod
of Caim25 wherein in said fluid transport systemthe

2! ot iR SR qSed foobl i baRsSaR SPsER CoRbligg 2
2, 2- di saddryémudegnesntde fitrgiondedesaitea pheto-magiag segment,
hexadecane, . cycl ohexane, cyc¢l oheptane, cycl ooct ane,

2-et hth‘F?@? 9&?&%@9 t‘é@PﬁH%rﬁﬁ'% aagreents, ayRUBR gquo’sed to

and m oL a0 TR Wi E SV RIH RCKR GRRIEANG 2

of . od o
wher einemovisgiadiuid to ahd framsgaid phejstreaging sehgunt;dand a

al kaneraiﬁé@%reqitggg fro?ﬁ%‘%fﬂ% ﬁﬁ% g?lrdlsd_sti ng of
bi cycl (e ﬁﬁﬂs , ’

- hydr odi di ene, d m h f.
Sh. TR Sk aRs Do e ans on AL Sk
193 nmygf té%'e%!rgg&dﬁgj iﬂk&%ﬁ&oﬁaﬁﬁg{@ efd. The

met hod of C ai m er el e abso at 193 nm of

id | jgui 10 ] o
o B e eh o s PR i Plco
undergoing imagewise illumination by the light source;

causing the liquid alkane to flow from the photo-imaging segment to
the adsorbent segment through the tubes;

optionally deoxygenating the liquid alkane by purging absorbed
oxygen from the liquid alkane;

contacting the liquid alkane with an adsorbent, the contacted liquid
alkane after said contacting having an absorbance at 193 nm of
<0.40 cm™;

and causing the contacted liquid alkane to flow from the adsorbent
segment to said photo-imaging segment.

21. The method of Claim 20 wherein said means for purging
absorbed gas comprises a membrane degasser.

22. The method of Claim 20 wherein said deoxygenating comprises
sparging said alkane with an inert gas.
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t he adsorbent is selected fromthe group consisting of
3A nol ecul ar sieves, 4A nol ecul ar sieves, 5A nol ecul ar

woi2ew@s14833X nol ecul ar sieves, silica, neutral aCumsp®s/035030

basi ¢ alunmi na, acidic alum na, activated carbon, and

conbi nzg.i s mdtisscof Clain20 Whereim hielfilaticA sédinaht lies
wherein in _said flu transport syst em t he adsor bent
i downstrearp &ipm said qek@r bRALSEIMANt ai m 20 wherein in

said fluid transport systemthe adsorbent segnent is

i n the24.othe metlapctﬁtajrﬂezcbrghatmr\ saisbiluiehirangport Byetem
trans ort
sysF g?ncgﬁ‘ggaéel%%h é%ﬁg%@rrﬂéaeaér%@&}o hoho%ﬁgr‘f ormpof a

e A roa@hgﬁéraﬁ?&@ﬁ%@ﬂ@o%wé’ BB gE 5 tEm
sthenaid araaae rgrgérebretrrrﬂgﬁ Y ?%Lﬁi’éérﬁs‘%tfr@”off@‘éfdﬁéﬂtéﬁé}

|nte rated el ectronic and circuit elenents
Fycl apgt esdohgptanegi cmctsm , dlesane, degahytirariaphthalene

CEOBTRES o KR RhPRHond P BILEn B iheleng an
oqat:ermlte &Lmtrtahyarqggt?gémp@ﬁtmerv@ ﬁ“"‘ﬁ'@?@?'ﬁ'?ﬁ‘?;"‘ﬁi?. g g

| d
oV BRAN35S, Brerhise oherans, doBpEHTRIoEPUeeATE and

r v, b | LS
g R S BBl e, 2 S e Ryt
A, érdimethyh dutaried optahydrcersd@te \andsmixtures th%of The
met hod of Claim35 wherein in said fluid transport

syst erk@.kheopisittaad of Claimi25avhereirs issaianfitid trivesport system
ht source. 37. The net hod of

AEMRRES AR 1 seliseaiam T4 ocn caTsiming o Zrespentane,
Qﬂﬁétﬁt/l{)éhﬂa%@ Q@-dr%tﬁ?’lﬁ&%%f grid, gﬁqﬁgﬁﬁfdrﬁbge@?ne@ i

pl urali opti cal enent s.
zdpdmaner tetnadecph@thﬁxadagam@ wetptrmtane,omm:iolmﬁam;

‘ OCS/Ftoggtane %ﬁyg}oﬁ@orggﬁggéq gﬁ}ﬁéromd%ne Brcygloﬁexnﬁ

decahydronaphthalene, exo-tetrahydrodicyclopentadiene, and mixtures
thereof.

27. The method of Claim 26 wherein in said fluid transport system
the liquid alkane is selected from the group consisting of bicyclohexyl,
decahydronapthalene, exo-tetrahydrodicyclopentadiene, and mixtures
thereof.

28. The method of Claim 20 wherein the absorbance at 193 nm of
said liquid alkane is <0.22 cm™.

29. The method of Claim 20 wherein the absorbance at 193 nm of
said liquid alkane is <0.15 cm™.

30. The method of Claim 20 wherein in said fluid transport system
the adsorbent is selected from the group consisting of 3A molecular
sieves, 4A molecular sieves, 5A molecular sieves, 13X molecular sieves,
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the nmetal surface with elenental fluorine gas for a

such that |ater copiabis20s03430
imrersion liquid with the cleaned netal surface

increases the Alcmof said liquid by less than 0.02 cm
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|nI SS Sstee . The method of claim39 wherein
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the deoxygenation segment is in the form of a membrane degasser.

34. The method of Claim 20 wherein in said fluid transport system
the photo-imaging segment is a photolithographic system for fabricating

integrated electronic and optical circuit elements.

35. The method of Claim 34 wherein in said fluid transport system
the photolithographic system comprises an optical illumination system
comprising an optical element, a photoresistive surface disposed to be
imagewise illuminated by said optical illumination system, a gap between
the said optical element and said photoresistive surface, and said liquid
alkane is disposed to fill the gap between the said opticalélement and said
photoresistive surface.

36. The method of Claim 35 wherein in said fluid transport system
the optical illumination system further comprises a 193 nm light source.

37. The method of Claim 35 wherein in said fluid transport system
the optical illumination system further comprises a plurality of optical

elements.

38. The method of Claim 20 wherein the photo-imaging segment
comprises an optical stepper.

39. A method for cleaning a metal surface, comprising contacting
the metal surface with elemental fluorine gas for a period of 1 to 48 hours,
such that later contact of an immersion liquid with the cleaned metal
surface increases the A/om of said liquid by less than 0.02 cm™.

40. The method of claim 39 wherein the metal is stainless steel.
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41. The method of claim 39 wherein the fluorinie gas is used as 1 to
50 % F; in nitrogen.

42. The method of claim 39 wherein the contacting is carried out for
about 12 hours.

5 43. The method of claim 39 wherein the fluorine gas is used as 25
% F» in nitrogen.

44. A method of cleaning a metal surface, consisting of heating the
metal surface, to 350-500°C, in air for a period of 4 to 24 hours, such that
later contact of an immersion liquid with that surface increases the A/cm of

10 said fiuid by <0.02 cm™,

45. The method of claim 39 wherein the metal is stainless steel.
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